Abstract -The various types of Nuphar alka1oids are noted and thereafter attention is focused on one of these types, the thiaspirane Nuphar a1kaloids. Abrief discussion of the spectral characteristics usefu1 in ascertaining the gross structure is fo1lowed by a more detailed discussion of the spectra1 properties, primari1y 1H and 13c NMR and the CD, and the chemistry employed to estab1ish the stereochemistry of the thiaspiranes. Emphasis is given to sulfur atom-immonium ion interactions which are revea1ed in studies of meta1 hydride reduction and the UV and CD of a-and ß-thiohemiaminals. Fina11y an indication of the bio1ogica1 activities of thiohemiamina1 thiaspirane and synthetic ana1ogs is presented.
INTRODUCTION
Nuohar Zuteum is a species of the aquatic family Nymphaeaceae. It is unique in producing a gr~up of a1ka1oids characterized by structures possessing a regu1ar sesquiterpenic ske1eton incorporated into 3-fury1 substituted piperidines, 1. or quinolizidines, 1· C30 a1ka1oids are produced also by N. Zuteum, presumab1y by the combination of two appropriate1y e1a-borated C15 alkaloids. Indeed, the laboratory conversion of nupharidine, 3, to the enamine, 4, (1), and subsequent oxidation of the 1atter 1eads to the C30 a1kaloid, 1. which has been ~ncovered in extracts of N. Zuteum, subsp. maorophyZZum (2) . The presence of sulfur containing bases in Nuphar was first reported by Achmatowicz and coworkers (5) in the early 1960's following several ptiblished irtdications that various Nuphar preparations possessed antibiotic properties (6). These unusual sulfur containing bases are the subject matter for discussion here. Primarily our discussion will deal with the chemical and physical properties which manifest the strücture of the thiaspiranes, but it will conclude by noting briefly the biolo&ical activities of these and similar compounds.
The authors are honored and pleased to report on·their contributions to Nuphar alkaloid chemistry in the setting where these sulfur containing alkaloids were discovered.
SPECIAL CHARACTERISTICS AND GROSS STRUCTURE
The thiaspirane Nuphar alkaloids have been isolated from nature as the bisamines, ~. monohemiaminals, 7 and 8, or bishemiaminals 9. Because most have been isolated in our laboratory in 1-10 ig quantities, it has been necessary to rely on methods of structural analysis consuming very small amounts of material. Accordingly the electron-impact mass spectrometry (MS) of Nuphar alkaloids has received attention (7). The appearance of the parent ion, m/e 494 (Mf), associated with ions corresponding to the loss of CH2S, CH3S, CH3SH and SH is a good first indication for the thiaspirane bisamine, ~· The latter series of peaks seldom exceed 10% relative intensity, but are distinctive because they fall within a broad spectral region free of other ions. Another indication of the bisamine is the appearance of m/e 230 and 178 whose origins are shown in Fig. 2 The ~ for bishemiaminals Gm/e 526) and monohemiaminals (m/e 510) is sometimes not observed, but ions corresponding to ~-H20, OH and CH3S, CH2S, CH3SH and SH always are. The presence of a c-6 hemiaminal, as in 1. ! or !, always gives strong peaks at m/e 176 and 228, peaks which are virtually absent in the spectra of the bisamines. In the case of C-6 and C-6 1 monohemiaminals (7 and 8), a distinction between a pair is sometimes indicated by the relatively greater intensity of m/e 176 in the spectrum of the C-6 hemiaminal.
In our work with hemiaminal thiaspiranes, hemiaminal presence has been confirmed by sodium borodeuteride reduction followed by a MS analysis of the resulting deuterium labelled bisamine. Incorporation of one and two deuterium atoms signifies that the labelled bisamine was derived from mono-and bishemiaminal respectively. However the MS of the labelled bisamine has additional value in distinguishing a C-6 from a C-6' hemiaminal since the singly labelled bisamine from the former gives a spectrum in which m/e 178 has been shifted to m/e 179, in accord with the fragmentation depicted in Fig. 2 . In the MS of the C-6' labelled bisamine, m/e 178 is retained (8) . The sodium borodeuteride reduction followed by MS analysis has served recently to identify highly polar 4,6-dihydroxyneothiobinupharidine ~) which develops by air oxidation of 6-hydroxyneothiobinupharidine on standing. Thus the observation of the m/e 178+180 shift and the shift, one mass unit higher, of each of the peaks in the m/e 136, 107, 94 series, located the hemiaminal functions in the C-6 and C-4 positions (9).
The dual hemiaminal-amine character of the monohemiaminals is signaled also by the infrared spectrum in conjunction with prior knowledge of the facile metal hydride reduction. Bohlmann infrared (IR) bands at 3.5-3.6 um are characteristic of quinolizidine systems possessing at least two a-hydrogen atoms anticoplanar to the nitrogen lone pair. The bishemdaminals (2,) do not give these bands. Therefore the appearance of IR Bohlmann bands in conjunction with the metal hydride reduction of a hydroxyl group is supporting evidence for monohemiaminal character. Regarding the location of the hemiaminal hydroxyl among the possible C-4, C-6 and C-10 positions, the lH nuclear magnetic resonance (NMR) allows a simple distinction since only a C-6 hemiaminal will possess a carbinyl proton, which characteristically falls in the ö 3.92-4.57 region.
Finally the C-6 and C-6' hemiaminals can be distinguished by a study of their acidic solution ultraviolet (UV) spectra. Both the C-6 thiaspirane hemiaminal (I), an a-thiohemiaminal, and the C-6 1 Counterpart ~), a ß-thiohemiaminal, gave only UV end absorption in neutral solution. However in acidic solution, the a-thiohemiaminals displayed an absorption band in the 290-310 mn region while the ß-thiohemiaminals absorbed in the shorter wavelength region of 270-285 nm. Upon basification, these bands disappeared but reappeared bn reacidification. Such absorption was absent in the acidic solution spectra of deoxynupharidine <.V and the bisamines ( §). Simple immonium ions showed moderate to strong absorption in a shorter wavelength region of 22Q-235 nm (12) . Similarly, the immonium perchlorates 11 (13) and 12 (9) displayed bands. at 230 nm (13) . Therefore the appearance of the acidic solution ]l, R 1 =oH; R 2 =cH 3 12, R 1 =cH 3 ; R 2 =0H thiohemiaminal bands has been attributed to sulfur atom-immonium ion interaction (13) . Another line of evidence for this interaction is the stereospecificity of a-thiohemiaminal reduction, a topic considered in a later section. Fig. 1 ; Such combination produces the four stereochemical structures 13-1&, three of which represent known thiaspirane bisamines. These three are: thiobinupharidine Ql), thionuphlutine :8 ill_), and neothi.obinupharidine Qd). The fourth, 16, has eluded discovery. The stereochemical assignments have been based on many different lines of evidence, not the least important of which are the X-ray crystallographic studies of 13 (14) and 15 (15) . Undoubtedly, the X-ray study of the latter is a landmark because it yielded the first structure of .the C30 sulfur containing Nuphar alkaloids. Notwithstanding the importance of these X-ray studies, this discussion will be limited to representing the several different lines of evidence obtained in the investigations of the small samples available in the authors' laboratory.
In an earlier report (13) , the evidence for the stereochemistry of thiobinupharidine and thionuphlutine B was organized and presented as answers to three questions: 1) is the configuration at C-1 (C-1 1 ) , C-4 (C-4'), and C-10 (C-10') in the thiaspiranes the same as that in (-)-deoxynupharidine, 1? 2) What is the stereochemistry of the CH2S attachment to the A'B' quinolizidine moiety? 3) What is the stereochemistry of the sulfur atom attachment to the AB quinolizidine moiety? The same organization will be used here in dealing with evidence used in the determination of stereochemistry.
Configurations at C-1 (C-l'), C-4 · (C-4') and .C-10 (C-10 '). Equal normal solutions of thiobinupharidine (13), thionuphlutine B ill_) and (-)-deoxynupharidine (1) exhibitedIR Bohlmann bands of equal intensity and complexity (13) . This observationnot only indicated the trans fused quinolizidine systems in 11 and 14 but also pointed to the equatorial 3-furyl group attached to c~4 (C-4 1 ). It was argued that had the 3-furyl group been axial, its strong equatorial preference (16) would have resulted in the inversion of nitrogen and the resulting conversion of a t:roans to a als fused quinolizidine systein with accompanying loss in Bohlmann band intensity. Since no lose in Bohlmann intensity was observed, the 3-furyl groups must be equatorial in t1'ans fused quinolizidines.
Aromatic solvent induced lH NMR shifts were employed to ascertain the conformation of the C-1 methyl groups. A related study of methyl quinolizidines revealed that changing the solvent from deuterochloroform to benzene resulted in the shielding of all methyl groups except 1..., and 3-axial methyl groups which became deshielded (17). The C-1 methyl groups in the thiaspiranes underwent upfield shifts and accordingly were assigned an equatorial conformation. Thus all ~he evidence pointed to a relative configuration of the quinolizidine moieties being the same in the thiaspiranes and deoxynupharidine. More recently the thiaspiranes 13, .lls and ,!i, deoxynupharidine, 1• and 7-epi-deoxynupharidine have been examined by 13c NMR (18) . This examination has revealed that in no case do the chemical shift ranges for c-1, C-4 and c-iO exceed 1.1 ppm. This result lends additional support for the same relative configuration of all deoxynupharidine moieties since 13c NMR is very sensitive to stereochemical changes. The power of 13c NMR in dealing with problems of thiaspirane stereochemistry is exemplified in the case of the 1-epi-1 '-epi-thiobinupharidine Q1), 1-epi-thiobinupharidine (!!), and 1 '-epi-thiobinupharidine Q2.), the last two existing in an inseparable two-component mixture (19) The stereochemistry of the CH2S attachment to the A'B' quinolizidine moiety. This aspect of thiaspirane stereochemistry is evident from data proVided from lH (20) and 13c NMR (18), the X-ray crystallographic studies of thiobinupharidine Ql) and neothiobinupharidine (!!) and the circular dichroism (CD) of the various C-6 1 hemiaminal derivatives. The dis.cussion of the last named is included within a general discussion of hemiaminal CD in a section below.
A lH NMR study of a pair of stereochemically defined 3-methyl-3-methylthiomethylquinolizidines, 22 and 23, revealed that the axial CH2S resonance of 22 appeared 23 Hz (at 60 MHz) downfield from~he equatorial CH2S resonance of 23. This difference is well known for axial and equatorial methyl groups attached to the C-3 position of quinolizidine ring systems. In comparison, the thiomethylene resonances were observed at 8 2.32, 2.33 and 2.70 respectively for 13, 14 and 12.· Since the CH2S resonance of 12. was 27 Hz downfield from that of 13 and 14, the CH2S in 15 must be axial, but equatorial in ll and ll• These assignments are consistent with the X-ray structures of ll and ll· Because both the CH2S (C-12 1 ) and the isolated CH2 (C-12) resonances were clearly observed in the 13c NMR (18), the latter yielded more information than lH NMR regarding the steric disposition of the quinolizidine systems relative to. the thiolane ring. Employing the same model pair 11 and ll• the axial-equatorial increment for a CH2S group was established, the axial CH2S in 22 being shielded by 6.0 ppm relative to the equatorial CH2S in ll· The associated study of the tetramethylthiolane 24 proved that the isolated CH2 would appear downfield from the CH2S. These latter results assisted the C-12 1 resonance assignments which are compared, along with C-12 resonances, in Fig. 3 for the three thiaspiranes, Q, 14 and 15, and the model compounds 22, 23 and 24. For two thiaspiranes, 13 and 14, the CH2S reTonance was the same and d~ield by 3:6 ppm from that in the third thiaspirane, ,12.. Therefore thiaspiranes Q and 14 must have an equatorial CH2S attached to C-7' and 15 must • possess an axial CH2S at C-7', conclusions which are consistent with the lH NMR results. The intermediate chemical shift must be one in which C-12 is axial to the one quinolizidine system but equatorial to the other.
The stereochemistry of the sulfur atom attachment to the AB quinolizidine moiety. Manifestations of intramolecular sulfur-immonium ion interactions, one of the more interesting aspects of thiaspirane chemistry, first came to light in solving the problem of C-7 configuration. The sulfur atom stereochemistry at C-7 was established in our laboratory initially by examining the steric mode of metal deuteride reductions of the thiaspirane hemiaminals and related model thiohemiaminals (13, 21, 22) . Reduction of 6,6 1 -dihydroxythiobinupharidine, li• and 6,6 1 -dihydroxythionuphlutine B, ~. with sodium borodeuteride in methanol gave bisamines doubly labelled at C-6 and C-6' as expected. Hawever the thiobinupharidine-6,6'-d2, 12 • contained an axial deuterium at C-6' and, to the extent of 82%, · equatorial deuterium at C-6. This finding contrasted with that obtained from 6,6 1 -dihydroxythionuphlutine B which produced thionuphlutine B-6,6'-d2, ~. containing axial deuterium at both C-6 and C-6'. Like the bishemiaminal li• the monohemiaminal, 6-hydroxythiobinupharidine ~), underwent reduction with incorporation of 84% equatorial deuterium and 16% axial deuterium at C-6. These findings were based on the following observations. The lH NMR of unlabelled thiobinupharidine revealed four protons, two C-6, C-6' equatorial and two C-4, C-4' protons, in the ö 2.7-3.2 region. The ö 1.7-1.8 region contained the C-6, C-6' axial protons. The lH NMR of the unlabelled thionuphlutine B was similar. The lH NMR of the doubly labelled thiobinupharidine showed essentially two C-4 and one C-6 equatorial protons in the ö 2.7-3.2 region and one C-6 axial proton in the ö 1.7-1.8 region. In contrast, the NMR of the doubly labelled thionuphlutine B showed essentially two C-4 and two C-6 equatorial protons in the ö 2.42-3.15 region, while the ö l.G-2.0 region contained two fewer protons. The C-6 axial protons at ö 1.7-1.8 were best accounted for by integrating over the entire ö l.o-2.0 region. The analysis of the steric disposition of deuterium in the labelled thiobinupharidines wa.s extended to a 300 MHz lH NMR examination of the doubly Properties of su1fur containing nuphar a1kaloids 1abelled 27 and the singly 18belled.30 in deuterobenzene, this solvent being particu1arly advantage~s in effecting the increa;,;d separation of resonance 1ines as had been demonstrated much earlier in cases of both piperidine (23) two thiomethylene protons (ö 2.38) as the standard for integration, the singly 18belled 30 contained 1.13 protons in the ö 3.05-3.20 region, the proton in excess of 1.00 being the signal at ö 3.08 which arose in part from the 1abelled species containing a C-6 equatoria1 hydrogen and a C-6 axial deuterium. The doublet of a doublet at ö 3.15 represented the 177 C-6 1 equatorial proton. Emp1oying the same method of analysis for the doub1y 1abelled 11.
1.14 protons are observed in the 3.05-3.20 region. The doublet at ö 3.12 represents the C-6 1 equatorial proton, W-coup1ed on1y to the C-8 equatorial proton since the C-6' axial protium is now replaced with deuterium. It is through these analyses that the 82 and 84% equatorial deuterium incorporation values, referred to above, were determined. Clearly the lH NMR study of the CH2S attachment to C-7 1 had indicated that the configuration of C-7' was the same in thiobinupharidine and thionuphlutine B and therefore it was reasoned that C-6' in both bishemiaminals underwent reduction with incorporation of an axial deuterium. It followed that C-6 must incorporate deuterium in two steric modes, largely equatorial in the case of thiobinupharidine but axial in the case of thionuphlutine B.
The variable steric mode of reduction at C-6 was attributed to the interaction of the C-7 sulfur atom with an intermediate immonium ion. Deuterium incorporation at C-6 was aceurring predominantly from the side of the molecule opposite the interacting sulfur. Incorporation of equatorial deuterium at C-6, as was observed for thiobinupharidine, must signify that the interacting sulfur atom at C-7 was equatorial giving structures 11 and 30. Incorporation of axial deuterium at C-6, as was observed for thionuphlutine B, must signify that the interacting sulfur atom at C-7 was axial giving structure 1&·
The stereospecificity found in the sodium borodeuteride reductions of C-6 in the pair of thiaspirane bishemiaminals 13 and 14 has been observed also for various a-thiohemiaminals derived from deoxynupharldin;; (13, 22) . a-Thiohemiaminals 1!. and ]2,, wherein the sulfur atom attached to C-7 is equatorial, gave respectively thioamines 1,l and 11. containing equatorial deuterium at C-6, as determined by lH NMR studies. In contrast, a-thiohemiaminals ~ and ~. possessing axial sulfur functions at C-7, afforded respectively thioamines 34 and 38 containing axial deuterium at C-6. These reductions, like those of 13 and 1!,-were also carried out in methanol. The incorporation of equatorial deuterium at C-6 is remarkable in view of the steric shielding by the 3-furyl group of the side of the molecule to which the 3~furyl is attached. This effect is demonstrated in the catalytic addition of deuterium to 6-dehydrodeoxynupharidine, 4, which occurred to the extent of 90% from the side opposite the 3-furyl group (1). Any am~unt of equatorial reduction in the case of the thiobinupharidine a-thiohemiaminals is all the more remarkable since the substrate possesses near C2 symmetry, and accordingly the axial reduction which occurs at C-6 1 could also be expected at C-6, rather than the equatorial reduction which in fact occurs and does so from the direction of the more bindered concave face of the molecule.
Likely it is the influence of the 3-furyl group which accounts for the observation that reductions of isomeric C-7 a-thiohemiaminals occurred at different rates; the thiohemiaminal ~. possessing an axial sulfur at C-7, underwent reduction nearly 800 times faster than ]1, wherein the sulfur function at C-7 is equatorial (13) . The enhanced rate of axial sodium borohydride reduction is reflected in the reductions of the thiaspirane hemiaminals the~ selves, When 6,6 1 -dihydroxythiobinuphatidine was treated carefully with limited amounts of sodium borodeuteride in methanol, 6-hydroxythiobinupharidine-6'-dl was the only monohemiaminal detected (8) . But under similar conditions, 6,6'-dihydroxythionuphlutine B, which underwent reduction only in the axial mode, gave a mixture of both 6 and 6'-monohemiaminals, the latter predominating (8) , Similarly 6,6 1 -dihydroxyneothiobinupharidine gave a mixture of monohemiaminals rieb in the C-6' isomer (9).
The stereochemistry of a-thiohemiaminal reduction appears to be sensitive to the medium and the metal hydride reducing agent. Reduction of 6,6'-dihydroxythiobinupharidine in dry ethanol occurred with incorporation of 40% equatorial deuterium at C-6 (24) rather than the 82% observed when the reduction was carried out in methanol. Similarly when the deoxynupharidine derived a-thiohemiaminal ~ was reduced with lithium aluminium deuteride in dry ether, an equal amount of axial.and equatorial deuteriumwas incorporated at C-6 (9).
The stereochemistry of ß-thiohemiaminal reduction is independent of the configuration of C-7' and the stereochemistry of the sulfur.atom; this finding contrasts with a-thiohemiaminal reduction, as noted in the paragraphs above. The ß-thiohemiaminal 40, wherein the C-7' thiomethylene is axial, underwent aXial incorporation of deuterium at C-6' as evidenced by the lH NMR spectrum of the labelled compound 41 which showed no !5 1. 55 doublet for the C-6' axial proton as did the unlabelled neothiobinupharidine (25) . But as already noted, both 6,6 1 -dihydroxythiobinupharidine and 6,6'-dihydroxythionuphlutine B, wherein the C-7 1 thiomethylenes are equatorial, also underwent reduction with incorporation of axial deuterium at c-6' (13).
The picture which seems to be develop~ng from these various reduction results is the following. a-Thiohemiaminal reductions carried out in methanol are highly stereospecific, but ß-thiohemiaminal reductions are not, The stereochemistry of a-thiohemiaminal reduction is influenced by two structural features of the substrate: the stereochemistry of the sulfur atom at C-7 and the presence of the 3-furyl group substituted at C-4. In methanol solution, the stereochemistry of the sulfur atom controls the direction of deuteride attack. When the latter occurs from the direction opposite the 3-furyl group, such that axial deuterium is introduced, the rate is greater than that of c-6' reduction. However when deuteride attack must occur from the same side as the 3-furyl group, such that equatorial deuterium is introduced, then the rate is less than that of C-6' reduction. The stereochemistry of ß-thiohemiaminal reduction is influenced only by the presence of the 3-furyl group.
The CD of hemiaminals in acid solution has emerged as the most convenient method for studying these compounds, once the relative stereochemistry of thiobinupharidine and thio~ nuphlutine B became secure. However the absolute configuration of both of these molecules had not been established; therefore it was necessary to correlate C-7 configuration with the sign and wavelength of the CD bands (26), This was achieved by studying the pair of (-)-deoxynupharidine derived hemdaminals ]1 and 32 (13) . Reduction converted 31 and 1! respectively to amines ~ and 44 whos.e lH NMR were compared. Since the .C-7 methyl resonance of 43 appeared downfield from that of 44, the former was attributed to an· axial methyl and the latter to an equatorial methyl in quinolizidine systems displaying full intensity Bohlmann IR bands, These relative stereochemdcal assignments were conf:lrmed by the chlorofotm ·to . . benzene induced solvent shifts (vide ultra), the C-7·methyl resonance of 43 moving downfield and that of 44 upfield. Finally the stereochemistry was suppo.rted by l3c"NMR results (18).
The a-thiohemiaminals 31 and 32 were converted to their respective immonium perchlorates.
The 95% ethanol solution of 3:r-perchlorate displayed a positive CD band at 298 nm while 31 perchlorate gave a negative CD band at 300 nm. Since the· absolute configuration of (-)--deoxynupharidine had been determined (10), the CD curves· of 1!, and 1!. established the eorrelation between the sign and wavelength of the CD bands and the configuration· at; C-7.
Both of the immonium perchlorates derived from ~ and ~ displayed a positive CD band at 296 nm while the immonium perchlorate of 6,6 1 -dihydroxythionuphlutine B, 26, gave a negative band at 308 nm. These results, in comparison with the CD of immonium.per~lorates from 31 and 32 established the .absolute configurations of the thiaspirane hemdaminals. In agreeD;nt withthe structures, the immonium perchlorates of the bishemiamdnals also gave positive bands in the 270-280 nm region, in addition to th.e bands in the 295-310 nm region. The immenium perchlorate of 25 gave a 265 nm band and that from ~ gave a 275 nm band,
Finally the CD of four thiaspirane monohemiaminals were campsred (Fig. 5) . The compounds were: 6-hydroxythiobinupharidine, 29; 6 1 -hydroxythiobinupharidine, ~; 6,;.hydroxyneothiobinupharidine, 46; and 6'-hydroxyneothiobinupharidine, 40, the last two being newly isolated natural products whose structures were tobe confirmed (25) . The four possible configurations of C-7.and C-7' are represented in these four monohemiaminals. In acidic solutions ~ the a-thiohemiaminals containing 7S ~) and 7R ~ configurations gave respectively positive and negative CD bands near 300 nm. The ß-thiohemiaminals possessing 7'S ~ and 7'R ~) configurations gave respectively positive and negative CD bands in the shorter wavelength 275-285 nm region.
In concluding this section we note that there are two properties of a-thiohemiaminals which can be rationalized by a sulfur-immonium ion interaction: the stereospecificity of a-thiohemiaminal reduction and the appearance of the UV and CD bands in acidic solution. In the case of the ß-thiohemiaminals, the thioimmonium absorption is observed but the stereospecificity of reduction is npt. These findings suggest that the ß-thioimmonium ion interaction is sufficiently strong to generate the absorption but not properly disposed to control the stereochemistry of sodium borodeuteride reduction.
BIOLOGICAL ACTIVITY
The literaeure records for over 30 years the biological activity of various Nupha.P preparations. Seemingly some of this activity can be linked to the presence of thiaspirane hemiaminals now that a few specific activities of these and similar compounds have been established. 6,6 1 -Dihydroxythiobinupharidine, lä,, was active against Cozrynebaoterium miohiganense (27) , and at levels of 40 \lg/ml this same compound inhibited the growth of the human pathogenic fungi HistopZasma oapsuZatum and BZastomyoes dermatitidis (28) . At levels of 100 \lg/ml, 25 suppressed the growth of MiorospoT'WTI gypseum, M. oanis • Triohophyton mentagrophytes and T. tonsurans.
Having discovered the activities of thiohemiaminals, an attempt was made to synthesize simple analogs containing the essential structural and functional features of 25. These features were an a-thiohemiaminal and a 3-furyl group incorporated into a quinCiiizidine ring system. The compounds took form in the deoxynupharidine derived a-thiohemiaminals such as .ll. and ~. and 1]. and 38. These and similar compounds were prepared by the reaction of 6-dehydrodeoxynupharidine, i• with an electrophilic thialating agent; alkyl and aryl arene thiosulfonates, aryl sulfenyl chlorides and succinimides, and aryl disulfides have been used for this purpese (13, 22, 29) . An a-thiohemiaminal lacking the 3-furyl group, .!2_, was prepared by starting with 3-methyl-4-ketoquinolizidine, !iJ.., which was reduced with diisobutyl aluminium hydride. The resulting enamine, 48, was treated with methyl ptoluenethiosulfonate to obtain ,!2. (22) .
The a-arylthiohemiaminals 37, 42 and 51, the a-alkylthiohemiaminals 31, 32 and 49, the ahydroxyhemi&minal SO, and the a-tert-ä;ino sulfides 43 and 44 and th~pa~ obtafned by reducing a mixture~f ~ and ~·are among the severar-compounds tested against a number of human pathogenic fungi. All the a-thiohemiaminals except 49 were active at 20 to 40 \lg/ml, the aryl substituted the more so. These concentrations are the same or slightly less than the active concentration of 6,6'-dihydroxythiobinupharidine. Since a-thiohemiaminals undergo acid promoted conversion to a-thioimmonium ions and tests were performed in the pH range of 5.0-6.5, the above results indicate the structural and functional components required for activity are the ring A methyl and 3-furyl groups and the functionality capable of generating an.a-thioimmonium ion.
More recently in preliminary cytotoxicity screening using strain L (Earle) cells, 35 and 51 at 1.25 to 2.5 \lg/ml have been found to inhibit cell growth to the extent of 50% o~contr~ (30).
